Quantification of spinal cord compression using T1 mapping in patients with cervical spinal canal stenosis -Preliminary experience. Ynicl (2018), https://doi.ABSTRACT Background: Degenerative changes of the cervical spinal column are the most common cause of spinal cord lesions in the elderly. Conventional clinical, electrophysiological and radiological diagnostics of spinal cord compression are often inconsistent. Materials and methods: The feasibility and diagnostic potential of a novel T1 mapping method at 0.5 mm resolution and 4 s acquisition time was evaluated in 14 patients with degenerative cervical spinal canal stenosis (SCS) and 6 healthy controls. T1 mapping was performed in axial sections of the stenosis as well as above and below. All subjects received standard T2-weighted MRI of the cervical spine (including SCSgrading 0-III), electrophysiological and clinical examinations.
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Introduction
Degenerative changes of the cervical spinal column are a common age-related process, affecting around 30% of the general population in the 4 th decade and up to 90% in the 7 th decade [1, 2] . These degenerative changes often result in cervical spinal canal stenosis (SCS) and spinal cord compression, which is the most common type of spinal cord lesion in patients older than 55 years and the source of acquired spastic paraparesis or afferent ataxia in the middle and later years of life [3, 4] .
Diagnosis and time point of surgical treatment, which is key to favorable neurological outcome, have been shown to be difficult to assess due to widely varying signs and symptoms and the lack of pathognomonic clinical findings [5] .
Moreover, in a significant number of cases, there is a discrepancy between clinical, electrophysiological and radiological findings, further impairing the process of decision making and treatment recommendations [6] [7] [8] .
While clinical examination is essential for identifying neurological deficits caused by spinal cord compression, magnetic resonance imaging (MRI) is the method of choice to reveal its site, extent and etiology. Conventional MRI usually includes T1-and T2-weighted imaging on which compression can be measured by comparing the width of the compressed and non-compressed regions of the spinal cord. In addition, T1-hypointensities and T2-hyperintensities help to indicate irreversible tissue destruction such as myelomalacia or gliosis [9] . However, T1 changes so far suffer from operator-dependent inter-rater assessments [10] and T2 alterations only represent late signs of disease progression and have been shown to indicate poorer outcome after surgery [11] . Given the high variability of clinical, electrophysiological and radiological signs, more reliable imaging biomarkers are needed for a precise quantification of this increasingly relevant disease and to
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develop a prognostic marker for the timing of surgical interventions.
Quantitative mapping of the T1 relaxation process represents an MRI technique for improved evaluations of both neurological and non-neurological diseases. T1 relaxation times have been shown to depend on a variety of white matter microstructural features such as myelin and non-myelin water content, iron concentration, axonal size and axonal density [12] [13] [14] [15] [16] and a recent study demonstrated the feasibility of T1 mapping in the cervical spinal cord of healthy volunteers with high reproducibility [17] .
The aim of this study was to investigate the diagnostic value of a rapid highresolution T1 mapping method based on a single inversion-recovery experiment with radial undersampling and nonlinear inverse reconstruction technique [18] in patients with cervical SCS in order to evaluate its potential to differentiate between different stages of spinal cord compression and its correlation to clinical and electrophysiological findings.
Material and methods
Subjects
In this prospective, single center pilot study, T1 mapping was performed in 14 patients with cervical SCS, which had been diagnosed previously using standard T1- Table 1 ). Representative T2-weighted mid-sagittal images of two patients with a grade I SCS (patient #2 in Table 2 ) and grade II stenosis (patient #8) are shown in Fig 1. The study was approved by the ethics committee of the University Medicine Göttingen (6/6/17) and carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). All patients and healthy controls gave written informed consent.
Clinical and electrophysiological data
Patients and controls were evaluated using the Japanese Orthopaedic Association (JOA) scale, which ranges from 0 (severe deficits) to 17 points (normal function) [20] ,
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the Grip and Release Test [21] and a Visual Analogue Scale (VAS) for pain, ranging from zero (no pain) to 10 (maximum of pain 
Results
Patient characteristics
The mean age of the 14 patients ( 
T1 mapping
As shown in Table 2 , T1 relaxation times in the cervical SCS were significantly lower (912 ± 53 ms, mean ± standard deviation) than in non-stenotic segments above agreement with a recent T1 study of healthy young controls [17] , although the reported T1 values of 1100 to 1150 ms were slightly higher. This may be explained by the use of an EPI-based multi-slice inversion-recovery technique with much lower temporal sampling than used here and a 4-fold lower spatial resolution which is prone
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to partial volume effects with long T1 values from cerebrospinal fluid.
T1 relaxation times, electrophysiological and clinical findings
From 14 patients with SCS, 11 had a central conduction deficit confirmed by electrophysiological studies (Table 3) 
Discussion
The present study for the first time demonstrates the feasibility and diagnostic potential of a rapid high-resolution T1 mapping method to quantitatively assess spinal cord compression in patients with cervical SCS. T1 relaxation times at the site of spinal cord compression not only differed relative to unaffected segments, but also helped to quantify its degree in relation to an established grading system [19] .
Apart from a proper quantification of spinal cord compression and in view of its potential as a sensitive imaging marker complementary to conventional diagnostics,
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our novel finding is a T1 decrease in the spinal cord of patients with grade I stenosis.
Although these patients without pronounced clinical or electrophysiological abnormalities do not present with a deformation of the spinal cord on T2-weighted MRI, at least not in supine posture, this observation suggests that intermittent compression and deformation of the spinal cord takes place in grade I SCS patients.
These dynamic alterations have recently been studied with use of a kinetic MRI technique [25, 26] and shown to trigger surgical treatment with favorable outcome [27] . Together, these findings may explain the frequent discrepancies between In general, also other MRI-detectable metrics such as T2 (or T2*) relaxometry and diffusion-weighted MRI may be able to quantify alterations in cellular density or mobile water content. However, in comparison to T1 mapping as used here, these strategies are much more time-consuming and further involve offline post-processing.
Moreover, EPI-based diffusion MRI measurements of the spinal cord often suffer from a pronounced sensitivity to motion and magnetic field inhomogeneity.
This study failed to demonstrate a convincing correlation between T1 relaxation times and clinical signs suggestive for SCS. A likely explanation is the fact that the patients were only mildly affected. The observed T1 alterations therefore do 
Conclusion
Rapid high-resolution T1 mapping in patients with cervical SCS is time-efficient, robust and accurate. It may significantly enrich the set of diagnostic tools for clinical decision making. Larger studies are needed to correlate T1 relaxation times to clinical signs of the disease and to investigate longitudinal T1 changes associated with conservative or surgical treatment.
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